Introduction
Fabrication of top-gated SWNT transistor is an important technique for integration of logic gates and memory devices [1, 2] . In the previous reports, top-gate dielectric for SWNT transistors has been formed using atomic layer deposition [1] or organic material [2] . However, little is known how post-annealing may affect the transfer characteristics of top-gated SWNT transistors. It is important to understand the post-annealing effect by the change in the interface of SWNT network and Al 2 O 3 layer.
In this report, we have shown the post annealing effect on the I-V characteristics of the top-gated SWNT network transistors with alumina oxide (Al 2 O 3 ) as a gate dielectric material. The dramatic change in the polarity of top-gated SWNT network transistors has been observed by post-annealing. Fig. 1 The transfer curves, I ds -V g for SWNT back-gated transistors in the array: Inset is the SEM image of SWNT network in the channel part.
Results and Discussion
SWNT networks were grown at 450ºC by water plasma-assisted PECVD on SiO 2 (4000Å )/Si substrates. Placement of the networks in a desired location was performed via a direct photolithographic technique using a simple mixture of ferrocene and a conventional photoresist. Fabrication details are provided elsewhere [3] . A 50nm of Al 2 O 3 film has been deposited on top of SWNT network transistor array by atomic layer deposition (ALD) at 350 o C. Ttrimethyl aluminum (TMA) and water are used as precursor and oxidant. Source, drain and top gate electrodes have been formed with Ti(10nm)/Au(50nm) by photolithographic method. Fig. 1 shows the typical I-V characteristics of our SWNT network transistor in the same array measured under ambient air. The drain voltage is 0.1V. The inset shows the SEM image of SWNT networks in the channel part of the transistor. By direct measurement from the SEM image of SWNTs, random network density is ~25/μm 2 with average length of ~0.5μm. The I-V exhibits that the nanotube transistors showed >10 -5 of the on/off ratio and ~10 cm 2 /V·s of the field effect mobility. In particular, the on/off ratio is amazingly high without electrical burning. Estimation based on the conductance change of semiconducting nanotubes in the SWNT network due to the applied gate voltage difference (conductance difference for on and off state) indicated a preferential growth of semiconducting nanotubes over 90% with an advantage of water assisted PECVD. The transistors exhibit p-type and ambi-polar characteristics under air. The p-type behavior of CNT transistors is attributed to the oxygen molecule adsorption resulted from either p-doping [4] or electron capturing [5] . o C, the transistor exhibits ambi-polar characteristics. We speculate that excess oxygen in the Al 2 O 3 film might be moved to SWNT network. It results p-type characteristics. However, we have not seen stoichiometric change before and after post-annealing by the Rutherford backscattering (RBS) analysis. The change of oxygen content in the Al 2 O 3 film is non-detectable since it is smaller than instrumental error (< 3%). This is very interesting result that the polarity of SWNT network transistors can be modulated by simple and cheap post annealing.
Conclusions
N-type SWNT network transistors are fabricated with Al 2 O 3 as the gate dielectric by ALD process at 350 o C. We have observed the dramatic conversion of I-V characteristics of the top-gated SWNT network transistors from n-type to p-type by post-annealing at 350 o C for 30 minutes under vacuum. This may be a excellent result because we can simply change the polarity of top-gated SWNT network transistors by post annealing. This may provide a simple route to integrate conventional CMOS type devices which require p-type and n-type transistors without complicated doping process.
